Neck pain is a major problem in modern society. Prevalence data showed that, in a general population, the 1-year prevalence of neck pain was 29% and 40% for men and women, respectively (1) . Prevalence data on occupational settings are even more impressive. For instance, Skov et a1 (2) found the 1-year prevalence of neck symptoms to be 54% for men and 76% for women in a population of salespeople (N=1304).
In The Netherlands, the costs of work-related sick leave and medical consumption in 1995 were very high (approximately 12 billion Dutch guilders for that year). Around 40% of these costs were due to musculoskeletal disorders (3) . Although data on the specific costs of neck pain were not available, it is clear that the prevention of musculoskeletal problems, including neck pain, would be of great benefit.
Neck pain is assumed to be a multifactorial disease, and therefore it is assumed that there are several risk factors contributing to its development. Risk factors can be work-related or nonwork-related, and they can be divided roughly into 3 categories (ie, physical, psychosocial, and individual risk factors). Many studies have been conducted in an attempt to identify the risk factors for neck pain. Most of these studies focus on only one or a few risk factors, or on a single category of risk factors. Several reviews on risk factors for neck pain have also been carried out (4--7) . However, none of these reviews were based on explicitly stated inclusion and exclusion criteria or defined levels of evidence to establish the strength of the relationship between risk factors and neck pain. Borghouts et a1 (8) did, however, use explicitly stated inclusion and exclusion criteria, but the focus of their systematic review was on the clinical course and prognostic factors related to neck pain.
To identify physical risk factors for neck pain, a systematic review of the literature was carried out. This article describes the methods applied in this systematic review and presents the results concerning physical risk factors for neck pain.
Material and methods

Identification of studies
On-line searches in Medline, Embase, Psychlit and Sportdiscus, HSELINE, CISDOC and NIOSHTIC were carried out for the period 1966 to November 1997 to identify all relevant studies. The following key words were used (MeSH and text words): neck, neck pain, risk factors, determinants, causality, work, exercise, overuse, physical load, work load, psychosocial factors. Titles and abstracts were screened for potential risk factors for neck pain. The abstracts of all identified studies were read. If an abstract was not available, or, if, based on the content of the abstract, it was still not clear whether the article should be included in the review, the entire article was retrieved and read. In order to be included in the review, a study had to meet the following criteria: (i) the population of the study had to be a working population or a community-based population (studies of patient populations were excluded); (ii) the design of the study had to be either case-referent, cross-sectional, prospective cohort, or retrospective cohort with registered data; (iii) the assessment of exposure had to concern at least one physical factor during work or leisure time (studies with exposure solely based on job-title were excluded); (iv) the outcome had to include one or more syndromes, signs, or symptoms related to neck pain, the outcome variable could be either self-reported or a clinical diagnosis, and the outcome must have been separately reported for the neck region; and (v) the study had to be a full, peer-reviewed report published in English, Dutch, or German.
Reference lists of selected studies were screened for additional relevant studies. To check the selection procedure, a random sample of all the articles identified (N=30) was assessed by a second reviewer to determine whether or not the same articles were eligible for inclusion in the review.
Quality assessment
The methodological quality of all the studies included in the review was assessed by means of a methodological quality assessment list. After existing quality assessment lists (6, 8, 9) were studied, a criteria list was developed to assess the methodological quality of observational studies in this review. The list consisted of different items in 5 categories on information, validity, and precision (ie, purpose of the study, study population, exposure measurements, outcome measurements, and analysis and data presentation). Separate quality assessment lists were constructed for cross-sectional, case-referent and cohort studies (table 1). As can be seen from table 1 , not all the items applied to all 3 study designs.
For every item on the list, a study was rated "positive" (+), "negative" (-), or "unclear" (?) if a study did or did not meet that item or if no clear information was stated regarding that item, respectively. For each study, a total quality score was calculated by counting the number of items rated positively for validity or precision. On the basis of this score, the studies were categorized as either high or low in quality. A high-quality study was defined as a study that scored positively on at least 50% of the validity or precision items of the relevant methodological quality list, implying that a minimurn score required for a classification as a high-quality study was 7 for cross-sectional studies, 9 for case-referent studies, and 8 for cohort studies. Two reviewers (GA and WM) scored all the studies independently; the results were compared and differences were discussed during a consensus meeting. If, after discussion, the reviewers could not agree, a 3rd person (PB) made the final decision.
Studies rated lowest according to the methodological quality list (ie, a score of 13) were not included in the analysis for the determination of the level of evidence.
Levels of evidence
The strength of evidence for potential risk factors for neck pain was assessed by defining the levels of evidence as follows: (i) Strong evidence: consistent findings in multiple high-quality cohort or case-referent studies, (ii) moderate evidence: consistent findings in multiple cohort or case-referent studies, of which only 1 study was of high quality, (iii) some evidence: findings of 1 cohort or case-referent study, or consistent findings in multiple cross-sectional studies, of which at least 1 study was of high quality, (iv) iizconclusive evidence: all other cases (ie, consistent findings in multiple low-quality cross-sectional studies, or inconsistent findings in multiple studies). Moreover, inconclusive evidence was defined as findings of only 1 cross-sectional study, issespective of the quality of the study.
A positive effect of a risk factor implied, in line with the hypothesis, an increased risk for the occussence of neck pain with the presence of this risk factor. A negative effect implied, in contrast to the hypothesis, a decreased risk for the occurrence of neck pain in the presence of this risk factor. Accordingly, no effect of a risk factor implied that the presence of this risk factor was not associated with either an increased or a decreased risk for the occurrence of neck pain.
The focus of this review was on the size and direction of the risk estimate, issespective of the level of significance. A reported nonsignificant association between a risk factor and neck pain, with no mention of the risk estimate or the direction of the association was disregarded since, in such cases, it was not clear whether the risk estimate was increased or decreased. Reporting a significant association without stating the risk estimate was considered as a finding and thus contributed to the level of evidence.
Consistent findings implied that the results of at least 75% of the studies analyzing the effect of a certain risk factor should be pointing in the same direction. The measures of effect and the P-values reported by these studies should lead to the same conclusion (ie, that a risk factor was found to have a positive or negative effect or no effect in relation to neck pain.
Identification of relevant studies
Of the 1026 studies identified from the various data bases (the data bases overlap, the implication being that the actual number of studies identified was lower), 40 met the criteria for inclusion in the review. The large majority of these studies (N=37) was cross-sectional. One casereferent study and 2 prospective cohort studies were also included. The most important reason for the exclusion of studies was the use of a combined outcome measure (see, for example, references 10-16), implying that in these studies no separate results were reported for the neck region. The 2 reviewers agreed on inclusion or exclusion for 90% of the studies of the random sample (N=30). After discussion with a 3rd person, consensus was reached on the inclusion or exclusion of all the studies.
Quality assessment
The overall percentage of agreement between the 2 reviewers on the methodological quality assessment was 84%. Considering the different items on the quality lists separately, the percentage of agreement ranged between 48% and 98%. The item concerning the use of an appropriate statistical model and the presentation of measures of effect (item T in table 1) had the lowest level of agreement. This result was due to an initial difference in interpretation of the item by the 2 reviewers.
During a consensus meeting, all disagreements between the 2 reviewers were resolved, and the final scores per item on the quality assessment lists are presented in the table in the appendix. In the last column of this table, the total quality score is presented for each study.
Item categories with different item definitions Designa I, VIPb
Study purpose A. Positive if a specific, clearly stated purpose was described Study design B. Positive if the main features (description of sampling frame, distribution by age and gender) of the study population were stated. C. Positive if the participation rate at the beginning of the study was at least 80%. D. Positive if the cases and referents were drawn from the same population and a clear definition of the cases and referents was stated. Persons with neck pain in the last 90 days had to be excluded from the reference group. E. Positive if the response after 1 year of follow-up was at least 80% or if the nonresponse was not selective. Exposure measurements F. Positive if the data on physical load at work were collected and used in the analysis. G. Positive if the data on physical load at work were collected using standardized methods of acceptable q~a l i t y .~ H. Positive if the data on psychosocial factors at work were collected and used in the analysis. I. Positive if the data on psychosocial factors at work were collected using standardized methods of acceptable q~a i i t y .~ J. Positive if the data on physical and psychosocial factors during leisure time were collected and used in the analysis. K. Positive if the data on historical exposure at work were collected and used in the analysis. L. Positive if the data on history of neck disorders, gender, and age were collected and used in the analysis. M. Positive if the exposure assessment was blinded with respect to disease status. N. Positive if exposure was measured in an identical way among the cases and referents. 0. Positive if the exposure was assessed at a time prior to the occurrence of the outcome. Outcome measurements P. Positive if the data on outcome were collected using standardized methods of acceptable q~a l i t y .~ Q. Positive if the incident cases were used (prospective enrollment).
R. Positive if the data on outcome were collected for at least 1 year. S. Positive if the data on outcome were collected at least every 3 months. Analysis and data presentation T. Positive if the statistical model used was appropriate for the outcome studied and the measures of association estimated with this model were presented (including confidence intervals). U. Positive if the study controled for confounding. V. Positive if the number of cases in the multivariate analysis was at least 10 times the number of independent variables in the analysis.
Cr Of the 37 cross-sectional studies, only 4 scored positively on more than 50% of the validity or precision items on the quality list and were rated as high-quality studies (17) (18) (19) (20) . Of the validity and precision items, the item concerning the measurement and analysis of physical factors at work (item F) was the most often scored positively. This outcome was not very surprising since most literature on physical risk factors for neck pain concentrates on work-related risk factors. The items that were the most often scored as negative or unclear were those concerning the use of standardized measures of acceptable quality (items G, I, and P). Only 1 study provided satisfactory information on the standardization and quality of their exposure measures (20) . Two studies provided this information for the outcome measures (20, 21) .
Only 1 of the 3 longitudinal studies scored positively on more than 50% of the validity or precision items and was defined as a high-quality study (22) . The case-referent study only investigated physical factors during leisure time as risk factors for neck pain (23) . Consequently, many items on the quality list were scored negatively. None of the prospective cohort studies gave satisfactory information on the standardization and reliability of the exposure and outcome measures (items G, I, and P), the collection and analysis of data on history of neck pain, age and gender (item L), or the collection of data at least every 3 months (item S).
Of the total of 40 studies in this review, 36 studies collected and analyzed data concerning physical factors at work (item F). Data concerning physical load during leisure time (item J) were collected and analyzed in 11 studies. Of the 40 studies, 15 cross-sectional studies with a total quality score of 3 or less were excluded from the determination of the level of evidence (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) . Consequently, the final number of studies included in the level of evidence synthesis was 25 [ie, 2 prospective cohort studies (22, 39) , 1 case-referent study (23) , and 22 crosssectional studies (2, (17) (18) (19) (20) (21) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) ]. Table 2 gives a brief description of these studies.
The prospective study carried out by Rundcrantz et a1 (39) focused on occupational disorders among dentists. The exposure measures used in this study were very jobspecific ergonomic factors, which were not comparable with the exposure measures used in any other study and were not related to self-reported neck symptoms. As a consequence, this study was not included in the determination of the level of evidence of any risk factor described in the Results section.
Level of evidence
Eight sets of risk factors were identified for which the level of evidence was determined. First, several neck postures were considered (ie, neck flexion, neck extension and neck rotation). The second set of risk factors involved factors related to the arm (ie, arm force and a m posture). The 3rd, 4th, and 5th set of risk factors concerned sedentary work postures, twisting or bending of the trunk, and hand-arm vibration. The 6th work-related set of risk factors concerned workplace design. Finally, 2 sets of nonwork-related risk factors were identified (ie, driving a vehicle and also sports and exercise).
l e c k postures (flexion, extension and rotation).
Four low-quality cross-sectional studies reported a relationship between neck pain and neck flexion as a risk factor (43, 45, 48, 55) . All 4 studies indicated a positive effect of neck flexion on the occurrence of neck pain. Dartigues et a1 (43) presented an odds ratio of 1.7 for cervical spine flexion in relation to self-reported neck symptoms. Kilbom et a1 (48) found a significant positive association between neck flexion and self-reported neck symptoms (P<0.01) in a multiple regression analysis. Odds ratios of 3.4 (univariate analysis) and 2.6 (multivariate analysis) were reported by Ignatius et al ( 4 3 , and a very high and unstable odds ratio (OR 787) was reported by Yu & Wong (55) . Based on the availability of only 4 cross-sectional studies with a low quality score, the conclusion was reached that there is inconclusive evidence for a relationship between neck flexion and neck pain, even though the results of these studies all indicated a positive effect.
One study investigated neck extension in relation to neck symptoms (43) . The authors found that neck extension was positively associated with self-reported neck symptoms, with an odds ratio of 2.3 in a univariate analysis. In their multivariate analysis they also found a significant association between neck extension and neck symptoms. Since there was only 1 cross-sectional study with a low quality score reporting on neck extension as a risk factor for neck pain, inconclusive evidence was found for a relationship between this measure of exposure and the outcome under study.
Two cross-sectional studies with a low quality score reported on the relationship between neck rotation and neck symptoms (43, 51) . Dartiques et a1 (43) reported a positive effect (OR 2.4) of cervical spine rotation on selfreported neck symptoms. Musson et a1 (51) only stated that neck rotation was not significantly associated with neck symptoms, without reporting a measure of effect. On the basis of 1 low-quality cross-sectional study, it can be concluded that the evidence is inconclusive for a relationship between neck rotation and neck pain.
Arm force and arm posture. Arm force was studied as a potential risk factor for neck pain in 6 low-quality crosssectional studies (2, 46, 47, 50, 51, 54) . Different definitions and different methods of measuring arm force were used. Four of the studies only reported that arm force was not significantly associated with neck symptoms, but they did not report a measure of effect (2,46,51,54). Linton Table 2 . Descriptive information from the studies used in this review with a total quality score of 24. (MQS = methodological quality score, Cr = cross-sectional study design, OR = odds ratio, 95% CI = 95% confidence interval, NS = not significant, Ca = case-referent study design, Pr = prospective study design, RR = rate ratio) (50) studied the relationship between heavy lifting and self-reported neck symptoms in specific age groups, the result being odds ratios varying between 1.41 and 1.83, indicating a positive effect of heavy lifting on the occurrence of neck symptoms. Johansson reported an age-stratified rate ratio of 1.21 for the relationship between heavy lifting and self-reported neck symptoms (47) . If the outcome measure was defined as self-reported work-related neck symptoms, the rate ratio was 1.74. In summary, the level of evidence for arm force is based on the results of 2 cross-sectional studies, both with a low quality score (47, 50) . The results of both studies point in the same direction (ie, that there is a positive effect of arm force on the occurrence of neck pain). However, due to the low quality of the studies, it can be concluded that there is inconclusive evidence for a relationship between arm force and neck pain.
Several low-quality cross-sectional studies reported on the relationship between arm posture and neck pain ( 4 6 4 9 , 5 0 , 5 5 ) . As described earlier for arm force, arm posture was also operationalized in different ways in these studies, for example, as static arm posture, as repetitive movements of the arms, or as nonneutral positions of the upper arm. Yu & Wong only stated that the relationship between repetitive movements and self-reported neck symptoms was not significant, not mentioning any measure of effect (55) . In their study, Johansson & Rubenowitz (46) found a significant positive correlation coefficient (P<0.001) between monotonous work movements and self-reported neck symptoms among white-collar workers, and ICilbom et a1 (48) found a significant positive relationship (P<0.05) between the time spent in upper arm abduction and self-reported neck symptoms. Moreover, 2 studies reported positive measures of effect for arm load on the occurrence of neck symptoms (47, 50) . Linton (50) reported odds ratios varying for specific age groups from 2.25 to 2.95. Johansson (47) found a rate ratio of 1.33 for monotonous movements and a rate ratio of 1.17 for work with the hands above shoulder level in relation to neck symptoms. In relation to work-related neck symptoms, Johansson found rate ratios of 1.73 and 1.38 for monotonous work and work with the hands above shoulder level, respectively. Again, in spite of the many positive associations reported, it can be concluded that there is inconclusive evidence for a relationship between arm load and neck pain because no high-quality study reported this relationship.
Duration of (fixed) sedentary workpostures. A total of 8
cross-sectional studies investigated the duration of sitting as a risk factor for neck pain (2, 17, 19, 43, 45, 50, 53, 55) . Two of them were rated as high in quality (17, 19) . All of them used different methods to measure the sitting posture of the worker. For example, Bernard et a1 (17) measured "the time spent on the telephone" and ICamwendo et a1 (19) studied "the time spent working with office machines" and "sitting for more than 5 hours a day" as potential risk factors for neck pain. Three studies only reported that the association between sitting and neck pain was not significant, but they did not describe a measure of effect (43, 45, 53) . ICamwendo et a1 (19) reported an odds ratio of 1.49 for sitting more than 5 hours a day in relation to self-reported neck symptoms. Furthermore, they reported an odds ratio of 1.65 for the relationship between working with office machines for more than 5 hours a day and self-reported neck symptoms. Bernard et a1 (17) reported an odds ratio of 1.4 in a multivariate analysis for the relationship between increased time spent on the telephone and self-reported neck symptoms. In the study carried out by Skov et a1 (2) the values of the odds ratios for sitting in relation to self-reported neck symptoms were slightly higher. In a multivariate analysis, 4 categories of "sitting time" were found to be related to neck symptoms. The odds ratios ranged from 1.92 to 2.80, the odds ratios increasing for increased "sitting time". Finally, Yu & Wong (55) also reported a significant association (P=0.013) between increased hours of video display terminal (VDT) work and self-reported neck discomfort. Linton (50) reported 4 odds ratios for specific age groups (0.94, 1.00, 1.12 and 1.33) for the relationship between sedentary posture and self-reported neck pain. From this study it is not clear whether there was a positive effect or no effect of sedentary postures on neck pain.
In summary, 4 cross-sectional studies, 2 of which were of high quality, reported a positive effect of sitting posture on the occurrence of neck pain, the conclusion therefore being that there is some evidence for a relationship between sitting posture and neck pain.
Twisting or bending of the trunk. Six studies reported on twisting or bending of the trunk as risk factors for neck pain. One was a high-quality prospective cohort study (22) , and the other 5 were of cross-sectional design and low in quality ( 4 5 4 7 , 51, 55). In the high-quality prospective cohort study, carried out by Viikari-Juntura et a1 (22) , an odds ratio of 1.8 was reported for "rather" or "very much" bending or twisting and the development of self-reported neck trouble during follow-up. An odds ratio of 1.9 was found for "rather" or "very much" twisting or bending in relation to the development of self-reported severe neck trouble during follow-up. Two lowquality cross-sectional studies reported a nonsignificant relationship between bending and neck symptoms, without mentioning any measure of effect (45, 51) . The results of the remaining 3 low-quality cross-sectional studies all point in the same direction as the results of the prospective cohort study (46, 47, 55) .
Based on the prospective findings of Viikari-Juntura et a1 (22) , it can be concluded that there is some evidence Hand-arm vibration. Hand-arm vibration was studied in 3 cross-sectional studies with a low quality score (42, 44, 51) . Dimberg et a1 (44) found a positive significant relationship (P<0.001) between hand-arm vibration and neck symptoms. Bovenzi et a1 (42) reported several odds ratios for different outcome measures for 2 categories of vibration, compared with no vibration, the results indicating a positive effect of vibration on neck pain. For self-reported neck pain the odds ratios were 0.9 for the low category and 3.8 for the high category, compared with no vibration. For the outcome measure tension neck syndrome the same odds ratios were found. For the outcome measure cervical syndrome, an odds ratio of 2.8 was reported for the low category and that of 10.7 for the high category, compared with no vibration. Musson et a1 (51) reported a beta of 0.44 with a P-value of 0.01 for the relationship between hand-arm vibration and selfreported neck pain. In spite of the consistent positive findings of these 3 studies, it is concluded that there is inconclusive evidence for a relationship between handarm vibration and neck pain, due to the low quality of the studies.
Workplace design. A total of 5 low-quality cross-sectional studies investigated the relationship between workplace design and neck pain (41, 45, 52, 53, 55) . Schibye et a1 (52) studied the lack of individual adjustment for a table and chair as a risk factor for self-reported neck symptoms but found no significant relationship between the 2 factors, and no measure of effect was reported. Ignatius et a1 (45) reported odds ratios of 3.0 (univariate analysis) and 2.98 (multivariate analysis) for the relationship between a mismatch of table and chair height and self-reported neck pain. Tharr (53) reported an odds ratio of 3.5 for the relationship between chair discomfort and self-reported neck symptoms. Yu & Wong (55) studied many workplace design factors, all concerning the chair and the VDT. They reported a positive significant relationship (P=0.01) between incorrect chair height and self-reported neck symptoms. For the factors concerning the VDT they reported a significant positive association between a fixed keyboard height and self-reported neck symptoms (P=0.005). The odds ratio in the multivariate analysis for this relationship was 90, which is extremely high and therefore probably unstable. For all the other factors, concerning the VDT, Yu & Wong only reported that the relationships between these factors and neck symptoms were not significant, without mentioning any measure of effect. Bergqvist et a1 (41) reported a significant association between insufficient table space and tension neck syndrome without mentioning the P-value. Furthermore, they reported an odds ratio of 4.4 for too high a keyboard placement in relation to tension neck syndrome.
Based on 4 low-quality cross-sectional studies, the conclusion is that there is inconclusive evidence for a relationship between workplace design factors and neck pain.
Driving a vehicle. Driving a vehicle as a risk factor for neck pain was assessed in 2 studies. One was a low-quality cross-sectional study (2) , and the other was a highquality prospective cohort study (22) . Skov et a1 (2) studied annual driving distance in relation to neck pain. Six distance categories were distinguished ( 4 0 0 0 km, 5000-10 000 krn, 10 000-15 000 km, 15 000-30 000 km, 30 000-50 000 km, and >50 000 km) as risk factors for self-reported neck pain. They found odds ratios ranging from 0.99 to 2.43 (multivariate analysis) for the different categories, with increasing values for the odds ratio with increasing distance, implying a positive effect of annual driving distance on neck pain. In their prospective cohort study, Viikari-Juntura et a1 (22) found that the relationship between annual car driving and neck pain was not significant, without mentioning a measure of effect. On the basis of 1 low-quality cross-sectional study, it can be concluded that there is inconclusive evidence for a relationship between car driving and neck pain.
Sports and exercise. Sports and exercise during leisure time were investigated in 8 studies, 6 of which were lowquality and cross-sectional in nature (2,40,44,48-50), 1 was a low-quality case-referent study (23) , and 1 was a high-quality prospective cohort study (22) . Some of the studies hypothesized a favorable effect of participation in sports on neck pain, while others considered participation in sports to be a risk factor for neck pain. In their high-quality prospective study, Viikari-Juntura et a1 (22) found that the relationship between physical exercise during leisure time and self-reported neck trouble was not significant, but they reported no measure of effect.
Mundt et a1 (23) studied the relationship between participation in sports and herniated cervical disc in a lowquality case-referent study, finding positive, negative, and no effects for the various sports studied. They calculated rate ratios for participation in various types of sports at least 10 times in the 2 years prior to the occurrence of cervical herniated disc: baseball (RR 1.05), golf (RR 0.59), bowling (RR 0.63), swimming (RR 0.71), diving (RR=0.96), jogging (RR 0.86), aerobics (RR 0.94), racket sports (RR 1.14). The rate ratio (RR) for participation in any of these sports at least 10 times in the 2 years prior to the occurrence of cervical disc herniation was 0.39. The rate ratio for the use of free weights was 1.87 and that for weight lifting was 0.75. On the basis of these inconsistent results, it is concluded that there is incon-clusive evidence for a relationship between sports and exercise and neck pain.
There were also several low-quality cross-sectional studies in which the relationship between leisure-time exercise and neck pain was investigated. Three studies found that the relationship between exercise and neck pain was not significant, but they did not report any measure of effect (2, 48, 49) . Linton (50) and Andersen & Gaardboe (40) reported odds ratios for the relationship between exercise and neck pain, but neither study indicated an effect. Linton (50) reported odds ratios ranging for different age groups from 0.91 to 1.06 , and Andersen & Gaardboe (40) found an odds ratio of 0.89. Dimberg et a1 (44) more specifically studied the relationship between participating in racket sports and self-reported neck symptoms. The results of their multivariate analysis showed that increased participation in racket sports was significantly associated with fewer neck symptoms (P<0.001). Based on the hypothesis that sports and exercise induce neck pain, this finding should be interpreted as a negative effect.
On the basis of the case-referent study of Mundt et a1 (23) , it can be concluded that there is inconclusive evidence for a relationship between sports and exercise and neck pain.
Discussion
To identify physical risk factors for neck pain, a systematic review of the literature was carried out. The results showed some evidence for a positive relationship between the duration of (fixed) sedentary work posture and twisting or bending of the trunk and the occussence of neck pain. Inconclusive evidence was found for the other physical risk factors studied (ie, neck flexion, neck extension, neck rotation, a m force and posture, hand-arm vibration, workplace design, driving a vehicle, and sports and exercise).
Kuorinka & Forcier (4) identified risk factors for tension neck syndrome in their review. Repetitive work and constrained arm and head posture appeared to be associated with an increased risk for tension neck syndrome among working populations. In the present review neither of these factors were found to be related to neck pain. In his review, Bernard (5) found evidence for a relationship between neck disorders and repetitive work (continuous arm or hand movements that generate load to the neck or shoulder area), repetitive neck movements, forceful arm movements, and static postures involving the neck or shoulder muscles. These results are similar to the results found by Kuorinka & Forcier (4), although they differ from the results reported in the present review. Stock (6) did not find any evidence for risk factors related to tension neck syndrome, possibly due to the very strict inclusion criteria which were applied, resulting in the inclusion of only 3 studies. Stock excluded studies using self-reported neck symptoms as an outcome measure. Most studies included in the present review actually used self-reported neck symptoms as an outcome measure. Consequently, the results of these reviews are barely comparable. In the review carried out by Hagberg & Wegman (7), several exposures based on job titles were compared. For keyboard operators, an increased odds ratio was found for tension neck syndrome. In the present review, studies assessing exposure based on job titles were excluded. Consequently, it is difficult to make a comparison between the results of this review and the results reported by Hagberg & Wegman.
Selection of studies
For this review several data bases were systematically searched to identify all relevant studies. Many studies on risk factors do not focus on 1 single outcome measure, but report on several separate outcome measures, of which neck pain is one. If, in these studies, the main focus is not on neck pain but, for example, on low-back pain, key words could have been used which only relate to low-back pain and not to neck pain. Consequently these studies may have been missed during the literature search. Furthermore, no effort was made to identify unpublished studies concerning risk factors for neck pain. These 2 facts may have introduced bias in the identification of studies for this review.
The most important reason for exclusion was the fact that the results of a study were not reported for the neck region separately. Many studies did not use neck pain as an outcome measure, but used a combination of neck and shoulder pain as an outcome measure (for example, references 10-16). Since the objective of this review was to identify risk factors for neck pain, it was decided to exclude these studies. Moreover, in the excluded studies, it was often unclear what was meant by neck or shoulder pain. Pain in the proximal part of the upper arm may have been included in these studies. Since it is possible that other risk factors may be of influence in determining the existence of pain in the neck or shoulder region, these studies were not included in the review. However, this procedure may have led to the exclusion of some studies that actually did investigate the neck region.
Most of the studies identified were of cross-sectional design. Only 1 case-referent study (23) and 2 prospective cohort studies (22, 39) were identified. In cross-sectional research the temporal relationship between exposure and outcome, and thus causality, cannot be firmly established. The reason cross-sectional studies were included in this review, despite this disadvantage, was that most of the research on risk factors for neck pain was actually based on a cross-sectional design. It would not have been acceptable to neglect the vast amount of information obtained from cross-sectional research. However, the fact that the majority of studies evaluated were cross-sectional does imply that only some evidence could be established in this review.
The studies included in the review were very heterogeneous with regard to both the exposure measures and the outcome measures. Most of the studies used a selfreported outcome measure, but 4 used clinical diagnosis as the outcome measure (20, 23, 41, 42) . Some studies presented extensive definitions of the outcome measures in regard to the intensity and duration of neck symptoms, while other studies only used the occurrence of neck symptoms during the previous 12 months as an outcome measure, irrespective of the intensity and duration of symptoms.
One of the inclusion criteria for this review was that studies either reported on specific or nonspecific neck symptoms. This criterion resulted in the inclusion of only 1 study that used a specific neck outcome (cervical herniated disc) (23) . Although the outcome used in this study, carried out by Mundt et a1 (23) , may be essentially different in comparison with the outcomes used in the other studies included in the review, it was combined with all other studies for the determination of the level of evidence for the risk factor "sports and exercise". Inconclusive evidence was found for a relationship between sports and exercise and neck pain, due to the inconsistent findings reported by Mundt et a1 (23) , but, even if these findings were ignored, the results regarding the level of evidence for the risk factor "sports and exercise" would not have been influenced. On the basis of 3 lowquality cross-sectional studies reporting mixed results, it can be concluded that there is inconclusive evidence for a relationship between sports and exercise and neck pain.
Some studies used very general exposure measures for the assessment of physical load. For example, Dartigues et a1 (43) used self-reported "strenuous muscular activity at work" as a general measure of exposure, and Makela et a1 (20) used self-reported "physical stress at WOW as the only physical exposure measure in their high-quality cross-sectional study . In the same way, general measures were used for activities during leisure time and for entire body postures. No level of evidence was determined for these general measures because the focus of this review was on neck-specific risk factors, such as neck postures and neck movements. Although at first sight the risk factors sedentary work posture, twisting or bending of the trunk, workplace design, and car driving may also not be classified as neck-specific risk factors, the level of evidence for these factors was determined. The reason for this approach was that they are surrogate factors for awkward neck postures or neck movements.
Little is known about the mechanisms leading from physical exposure to musculoskeletal disorders. Winkel & Mathiassen (56) suggest the following 3 main dimensions to quantify physical exposure: the level (the magnitude of the mechanical force), repetitiveness (the frequency of shifts between force levels), and the duration (the time period) of exposure. In most studies in the review little quantitative information on the level, time pattern, or duration of the exposure to the risk factor under study was reported. In future epidemiologic studies, all 3 dimensions should be considered in the assessment of physical exposure in relation to musculoskeletal disorders.
Methodological quality and levels of evidence
A quality list was constructed to assess the methodological quality of the studies in this review. This list consisted of several items concerning information, validity, and precision in different categories. A total quality score was calculated by counting the number of validity and precision items that were scored positively on the criteria list. Based on the total quality score, studies were defined as high or low in quality. Four levels of evidence were defined to establish the strength of evidence for a relationship between a risk factor and neck pain. These levels were based on the consistency of results, study design, and methodological quality. The procedure and rating of the methodological quality had a considerable influence on the establishment of the level of evidence, indicating that changes in this procedure may have a large impact on the results.
All items on the methodological quality list were given the same weighting factor on the assumption that all items are equally important. One disadvantage of this method is that a single critical mistake in a study will lead to a negative score on this critical quality item. If that same study scores positively on all other items, this critical flaw in the study has little or no influence on the total quality score.
Of the 37 cross-sectional studies that investigated physical risk factors for neck pain, only 4 were rated as high-quality studies (17) (18) (19) (20) . The mean total quality score for the cross-sectional studies was 4.3. Compared with the cut-off value of at least 7 for classification as a high-quality study, this value is low. The items on the standardization of the exposure and outcome measures were given the lowest scores. Only 1 study (20) presented data on the standardization of the exposure measures, and only 2 studies presented such data for the outcome measures (20, 21) . Many studies reported that they used standardized questionnaires, but presented no data to confirm this. It is clear that the 3 items concerning the standasdization of exposure and outcome measures did not discriminate between high-or low-quality studies, since hardly any of the studies scored positively on these items. This outcome is not surprising because it was a very strict item. Not only should exposure and outcome assessment be standardized, but data to confirm the standardization should also be presented. When these 3 standardization items on the methodological quality list were not taken into account, the number of high-quality studies increased from 5 to 13 (2, 17-20, 22,41, 42,45, 47,50, 52, 53) .
Two of the three longitudinal studies were classified as high-quality studies (2, 22) . The results of this sensitivity analysis lead to the conclusion that there is some evidence that neck flexion, arm force, arm posture, duration of (fixed) sedentary work posture, twisting or bending of the trunk, hand-arm vibration, and workplace design factors are risk factors for neck pain. Inconclusive evidence was found for neck extension, neck rotation, driving a vehicle, and sports and exercise. These results are more in line with the results of the reviews carried out by Kuorinka & Forcier (4) and Bernard (5) .
Concluding remarks
According to this systematic review, there is some evidence for a positive relationship between the duration of (fixed) sedentary posture at work and neck pain, and there is some evidence for a positive relationship between twisting or bending of the trunk at work and neck pain. It is clear that the low methodological quality of most of the studies described in this review was the main reason behind the inconclusive evidence for risk factors that would be expected to be related to neck pain. A sensitivity analysis showed that a change in the quality assessment list resulted in a different conclusion, namely, that there is some evidence for a positive relationship between neck pain and neck flexion, arm force, arm posture, duration of (fixed) sedentary posture, twisting or bending of the trunk, hand-arm vibration, and workplace design factors.
In contrast to reviews on the effectiveness of different types of intervention, methodological guidelines on the systematic review of observational studies are not available. The systematic review of observational studies on risk factors for musculoskeletal disorders is still in a very experimental stage. It is challenging to capture the wide range of possible biases that threaten the validity of the results of observational studies. However, there is much to gain from a systematic transparent method for the review process of observational epidemiologic studies.
